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Descripti n 
T chnical field 

[0001] The present invention relates to sipes for tire 
treads as well as to pneumatic tires whether new or re- 
treaded including such a tread. 

Background art. 

[0002] The tread portion of a pneumatic tire generally 
comprises a plurality of circumferentially and laterally 
extending grooves defining ground engaging rubber el- 
ements. The particular size and shape of these ele- 
ments contribute significantly to the overall performance 
of the tire. 

[0003] Winter type tires as well as all season type tires 
usually have multiple sipes. A sipe is a groove having a 
width in the range from about 0.2% to 1% of the tread 
width, i.e. the arc length of the tread surface in the axial 
direction, that is, in a plane containing the axis of rotation 
of the tire. The sipe closes when it is located in the tire 
footprint, i.e. in the contact patch of the tire tread with a 
flat surface at zero speed and under normal load and 
pressure. Such a sipe typically is formed by steel blades 
inserted into a cast or machined mold or tread ring there- 
for. 

[0004] A sipe may extend circumferentially or laterally 
about the tread in a straight, curved or zigzag manner 
and may be as deep as the grooves or have a depth, 
which is even greater than the groove depth. The sipes 
can pass through the sides of the ribs and tread ele- 
ments or be confined to their interior. It is known to have 
the sipes lying in planes which are not perpendicular to 
tangents to the surface of the tread at their point of in- 
tersection; the inclination of the planes defining neigh- 
boring sipes can be identical or differ step wise along 
the tread element length. It is further known to use sipes 
having a depth, which varies across their length, e.g. so- 
called hump-blades. 

[0005] The sipes increase the number of biting edges. 
The local high pressure at each biting edge improves 
the wiping and digging action of the tread surface, con- 
ferring to a tire excellent traction on snow and ice. Fur- 
thermore, sipes improve the flexibility of the tread ele- 
ments without destroying their solidity. The easy relative 
longitudinal sliding between the opposed faces of a sipe 
weakens the resistance of the tread elements to flexing 
in the contact area between tread and road and there- 
fore slows down the heat built-up of the tire; on the other 
hand this flexing of the tread elements leads to dimin- 
ished handling performance on dry ground and to re- 
duced braking performance on wet ground. 
[0006] GB-A- 1 .241 .908 discloses blades in the form 
of a plate having a planar edge and an opposing edge 
provided with at least one projection substantially copla- 
nar with said plate. 

[0007] GB-A- 1 .1 50.295 discloses a tire with a rib hav- 



ing a plurality of sipes formed therein. The opposed 
sidewalls of each sipe are provided with one or more 
projections extending therefrom towards the other side- 
wall. 

5 [0008] Patent Publication WO9601189A published 18 
January 1996 is considered the most relevant prior art 
having the features disclosed in the preamble of claim 
1, the feature following the phrase "characterized in 
that" being the novel elemental features. The dependant 

10 claims represent the features of the preferred embodi- 
ment of the invention. 

[0009] The aim of the invention is to create a sipe lay- 
out for a winter type tire tread having good traction prop- 
erties on ice and snow covered roads. 
« [0010] A further aim of the invention is to provide a 
sipe layout for a tire tread showing excellent handling 
properties. 

[001 1] A still further aim of the invention is to provide 
a tire having low tread wear. 

20 

Disclosure of invention. 

[0012] The invention provides for a tire tread having 
elastomeric material, the tread having a plurality of 
25 grooves defining ground engaging elastomeric ele- 
ments. At least one of the elastomeric elements includes 
a sipe having a first surface area and an opposite facing 
second surface area. Each surface area has a plurality 
of recesses or protrusions; each recess has a centroid 
?o aligned with a centroid of a protrusion and each protru- 
sion extends from the first or second surface area to in- 
terlock with a recess. Each protrusion or recess has at 
least one radially inner end above the depth of the sipe 
or radially outer end located below the radially outer sur- 
35 face of the ground engaging element. The protrusions 
and recesses extend from a substantially flat surface in 
the at least one tread element. 
[0013] To acquaint persons skilled in the art, most 
closely related to the instant invention, certain preferred 
embodiments are now described with reference to the 
annexed drawings. These embodiments are illustrative 
and can be modified in numerous ways within the scope 
of the invention defined in the claims. 



« Brief description of the drawings. 
[0014] 

- Figure 1 is a perspective view of a blade according 
50 to the invention; 

- Figures 2A, 2B and 2C are schematic fragmentary 
views of the same tread pattern portion, new and 
worn to different degrees; 

- Figure 3 is a schematic view of an elastomeric tread 
55 element according to the invention, cut up at the lo- 
cation of the blade; 

Figure 4 is a view of a blade not part of the invention 
having a single and Figure 5 multiple recesses or 
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protrusions. 

Figure 6 represents blades, where the recesses or 
protrusions are mixed, either in shape or dimension . 
Figures 7 shows a bent blade having three portions. 

- Figures 8 shows blades not part of the invention 
with single recesses or protrusions having different 
shapes. 

- Figures 9A through 9E shows elastomeric tread el- 
ements including several sipes according to the in- 
vention. 

Figures 10 shows several elastomeric tread ele- 
ments in a directional tread design, the tread ele- 
ments including sipes according to the invention. 

[0015] With reference to Figure 1 , there is represent- 
ed a blade 1 according to the invention including a plu- 
rality of recesses or protrusions 20, 21 . The blade is 
made of metal, preferably steel and recesses are pref- 
erably made into the steel sheet by stamping or emboss- 
ing. The different recesses 21 on one side of the blade 
(protrusions 20 on the opposite side), have the same 
shape and dimension and are arranged along parallel 
lines Aj, which lines are also parallel to the closest por- 
tion of the tread surface. The lines Aj are equally spaced, 
and in a same line a recess -on one side of the blade- 
is followed by a protrusion. It is to be understood that in 
all the drawings only the portions of the blades protrud- 
ing from the mold surface and having a shaping effect 
in the elastomeric material composing the tire have 
been represented, omitting the portion 3 wherewith the 
blades are anchored in the mold. 
[0016] It can of course be envisioned to give the lines 
Aj an inclination ranging between 0 and 45 degrees, 
preferably 0 to 30 degrees with respect to the closest 
portion of the tread surface or to change the inclination 
of each lines Aj in function of its spacing from the tread 
surface. Furthermore, the dimension of the recesses 
may be different at different locations in the blades: 
when the tread element wears down, stiffness of the 
tread element increases and less interlocking, is re- 
quired. Consequently, the recesses may be given either 
a greater lateral spacing or a smaller dimension, when 
their distance with respect to the surface of the new or 
as molded tread increases. 

[0017] With reference to Figure 2A, 2B, 2C, there is 
represented a single elastomeric tread element 10 of a 
tread pattern after the vulcanization step, divided into 
two elastomeric segments 11 and 12 by a single blade 
according to the invention. The neighboring tread ele- 
ments or ribs of the tread pattern have not been repre- 
sented for simplification and clarity. The tread element 
1 0 is shown in different states of wear. As represented 
in Figure 2A, the tread element 10, unworn, is divided 
into two rectangular portions defined by the radially in- 
nermost portion of the blade 1. Radially innermost 
means here the portion of the blade which is closest to 
the mold (not represented) wherein the blade is insert- 
ed. The same tread portion shown in Figure 2B, is worn 



to about 25 % of its original radial height and the radially 
outer surface of the tread element 10 shows three por- 
tions of a circle separated by straight lines. The same 
tread portion shown in Figure 2C is worn to about 50 % 
s of its original radial height. It appears that the three por- 
tions of the circle have an opposite orientation to the one 
represented in Figure 2B. 

[0018] Referring to Figure 3, showing the tread ele- 
ment 10 of Figure 2, cut up at the location of the sipe, 
10 in a perspective view. The protrusions 20 cooperating 
with the recesses 21 tend to interlock the adjacent elas- 
tomeric segments 11 and 12, whereas the substantially 
fiat surfaces 23 allow a gliding of the adjacent substan- 
tially flat surfaces 23. By choosing the ratio of the dimen- 

'5 sion of the flat surface 23 to the number, location and 
dimensions of the recesses 21 and protrusions 20, the 
stiffness of two adjacent elastomeric segments 11, 12 
can be adapted to the requirements. 
[0019] In Figure 4 a blade 42 not part of the invention, 

20 including one single large recess 41 and in Figure 5 a 
blade 52 including a large number of small recesses 51 
has been represented, it being understood a corre- 
sponding numbered projections 40, 50 extend from the 
opposite face of the blades 42, 52. 

25 [0020] In Figure 6, several blades where the recesses 
21 or protrusions 20 are mixed, either in shape or di- 
mension, have been represented. 
[0021] Those skilled in the art of molding will appreci- 
ate that a protrusion 20 extending from the surface 23 

30 of a blade I will form a recess 21 in the molded elasto- 
meric tread element 10 and correspondingly a recess 
21 in a blade 1 will cause a protrusion 20 to be formed 
in the molded element 1 0. 

[0022] Referring to Figure 1 of a blade, each protru- 

35 sion 20 has a surface area defining its exterior shape. 
As shown the shapes are hemispherical. The centroid 
X20 of a hemispherical shape lies along the axis 25 
passing through the center of the circular base of the 
hemisphere to a location about two-thirds from the peak 

^0 of the hemisphere. This location X20 is the volumetric 
center of the hemispherical shaped projection 20. 
[0023] As used herein, centroid means the center of 
mass; centroidally means passing through the centro- 
ids. The centroid of a hemispherical projection as meas- 

45 ured along the outer surface is a point in space wherein 
origin of the radius of curvature lies, similarly for a hem- 
ispherical recess, the centroid is found as a point in 
space wherein the origin of the radius of curvature of the 
inner surface lies. In a flat blade for a sipe, these cen- 

50 troids are not only aligned but are in fact coincident, thus 
the same point in space. 

[0024] The recess 21 similarly is hemispherical in 
shape and accordingly follows the same mathematical 
formula to determine its centroid X21 . If measured from 
55 the first surface area 22, the centroid X21 similarly lies 
along an axis 25 coincident with the associated projec- 
tion 20 assuming each recess 21 and projection 20 is 
measured from the same face of 22 or 24 of the blade 
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1 , then the centroids X20, X21 are exactly coincident or 
at the same location. Alternatively if the centroids of 
each aligned recess 21 and projection 20 is measured 
from an opposing face 23, 24, then the centroids will be 
aligned on the same axis, but spaced by the thickness s 
(t) of the blades. 

[0025] As one refers Figures 2B and 2C to the tread 
elements 10, it is easily appreciated that the alignment 
of the axis 25 on which each centroid X20 and X21 lies, 
has the centroids X20 and X21 spaced from the other 10 
by the gap formed by the blade. As the tire rolls into the 
footprint, the gap G closes causing the centroids X20 
and X21 to become coincident. The resultant effect is 
that the element portions 1 2 and 1 1 interlock, greatly in- 
creasing the rigidity of the element. The movement from is 
flexible elements entering the tires footprints and then 
increasing stiffness as the tire rolls through the footprint 
greatly enhances the tire designers ability to change the 
dynamic stiffness of the element as a function of wear 
condition and performance requirements. 20 
[0026] Figure 6 of blades 61 through 68 show a wide 
range of combinations of recesses and protrusions that 
permit the resultant elements 1 0 to have a range of stiff- 
ness variations based on location size and orientation 
of different combinations of these aligned recesses 21 25 
and protrusions. 

[0027] In Figure 7, it is shown that the concept is 
equally applicable to bent blades 70. 
[0028] While the preferred embodiment shows the 
use of hemispherical shaped protrusions and recesses, 30 
the concept works with almost any known shape. 
[0029] In Figures 9A through 9D a variety of bent or 
curved sipes 92, 93, 94 are shown in various tread ele- 
ments 90. Each element 90 has the inventive use of re- 
cesses 21 and protrusions 20 being along coincident ax- 35 
is 25 with centroids X20 and X21 shown on the axis 25 
spaced by the gap G of the sipe. As the tire tread ele- 
ment 90 enters the footprint, the gap G closes and the 
centroids become coincident causing an interlocking 
engagement of recesses and protrusions. As shown, it *o 
is preferable that at least some of protrusions, if not all, 
extend sufficiently to be at least partially extended into 
an adjoining recess in the open sipe condition when the 
tire tread element is not in the contact or footprint patch. 
This helps insure the elements will properly interlock un- 45 
der load. 

[0030] Figure 9c shows an elongated elastomeric 
block 90, which takes its origin close to the equatorial 
plane EP of the tire and extends to the shoulder 91 . The 
block 90 includes two elongated sipes 92 and 93. The so 
sipes extend from a point close to the equatorial plane 
to the shoulder 91 and are roughly parallel to the 
grooves 93 and 94 which grooves cooperate with the 
shoulder 91 of the tire to delimit the block 90. By choos- 
ing a variable lateral recess density in the sipes 92, 93, 55 
the stiffness of the block 90 may be varied almost con- 
tinuously from the equatorial plane EP towards the 
shoulder 91 of the tire. Close to the shoulder 91 stiff 



blocks or block portions are of advantage in order to 
have good handling properties whereas towards the 
center of the tire less stiff block portions have a lower 
wear. Consequently, elongated sipes provided with only 
few recesses towards the center and numerous recess- 
es towards the shoulder are recommended (see in this 
connection blade 64 shown on Figure 6). Furthermore 
as is well known in the art, heel and toe wear can be 
reduced by making the portion of the block which leaves 
the footprint of the tire last less stiff than the portion 
which leaves the footprint of the tire first. Consequently, 
in orderto allow more flexing of the elastomeric material, 
sipe 92 should also be molded by a blade having more 
recesses than the blade molding sipe 93. 
[0031] In Figure 10 a partial tread pattern is shown 
wherein the tread elements 1 00, 1 01 , 1 02, 1 03, 1 04, 1 05 
and 1 06 are arranged in circumferential rows forming a 
heavily siped directional tread pattern. The sipes 110 
employing the recesses 21 and protrusions 20 show a 
very smooth and simple blading pattern. The number of 
recesses in the blocks belonging to different rows may 
may be chosen different, so as to have rows of different 
stiffness; likewise, the siping technology according to 
the invention allows to confer a laterally varying stiffness 
to all or some of the blocks. Not until the tread is worn 
appreciably will the submerged recesses 2 1 and protru- 
sions 20 be revealed and then only after they have been 
efficiently providing improved handling performance 
over thousands of kilometers. 



Claims 

1. A tire tread having elastomeric material, the tread 
having a plurality of grooves defining ground engag- 
ing elastomeric elements (10); whereby at least one 
of the elements (10) including a sipe, the sipe ex- 
tending from the ground engaging elements (10), 
the sipe having a first surface area (23) and an op- 
posite facing second surface area (24), each sur- 
face area (23,24) has a plurality of recesses (21 ) or 
protrusions (20), each recess (21) has a centroid 
(x21) aligned with a centroid (x20) of a protrusion, 
each protrusion (20) extends from the first or sec- 
ond surface area to interlock with a recess (21), 
each protrusion (20) or recess (21) having at least 
one radially inner end above the depth of the sipe 
or radially outer end located below the radially outer 
surface of the ground engaging element; 

the tire tread being characterized In that: said pro- 
trusions (20) and recesses (21) extending from a 
substantially flat surface (23) in the at least one of 
the tread elements (10). 

2. The tire tread of claim 1 wherein the recesses (21) 
and protrusions (20) have a substantially hemi- 
spherical shape. 
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3. A tire tread according to claim 1, wherein at least 
two of said the recesses (21) and protrusions (20) 
are arranged along a straight line. 

4. A tire tread according to claim 1, wherein the re- s 
cesses (21) and protrusions (20) arranged along a 
straight line are equally spaced. 

5. A tire tread according to claim 1 , wherein at least 
two of said the recesses (21) and protrusions (20) 10 
are arranged along a straight line, said line forming 

an angle comprised between 0 and 45 degrees with 
the adjacent surface of the tread. 

6. A tire tread according to claim 4, wherein at least 15 
some of the recesses (21 ) and protrusions (20) are 
arranged along two or more parallel lines. 

7. A tire tread according to claim 1 , wherein the re- 
cesses (21) and protrusions (20) in one sipe have 20 
all the same depth relative to the radial height of the 
element containing the one sipe. 

8. A tire tread according to claim 1 , wherein there are 

at least three sipes in a ground engaging elastomer- 25 
ic elements (10), the sipes having substantially 
equal lateral spacing. 

9. A tire tread according to claim 1 , wherein there are 

at least three sipes in aground engaging elastomer- 30 
ic elements (10), the spacing between the sipes 
closest to the tread grooves, defining the ground en- 
gaging elements, being smaller than the spacing 
between the sipes located towards the center of the 
elements (10). 35 

10. A tire tread according to claim 1 wherein the cen- 
troids of recesses and the adjoining protrusion are 
coincident as the sipes are closed when the tire el- 
ement enters the contact patch under normal load; *o 

11. The tire tread of claim 1 wherein the plurality of pro- 
trusions (20) and recesses (21) are configured in 
one or more of the following ways to control the ver- 
tical and horizontal stiffness of the element (10) to 
be molded around the blade (1) by (a) varying the 
relative size of the protrusions (20) and aligned re- 
cesses (21), (b) varying the quantity of the protru- 
sions (20) and aligned recesses (21 ), (c) increasing 

or decreasing the size or quantity of protrusions (20) so 
and aligned recesses (21) along the vertical dis- 
placement of the blade, and (d) increasing or de- 
creasing the size or quantity of the protrusions (20) 
and aligned recesses (21) along the horizontal dis- 
placement of the blade (1) (61 through 68, 92, 93, ss 
94). 
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Patentanspriiche 

1. Reifen-Laufstreifen mit elostomerem Material, wo- 
bei der Lauf streifen eine Vielzahl von am Boden an- 
greifenden elastomeren Elementen (10) aufweist; 
wobei mindestens eines der Elemente (10) einen 
Lamellenschnitt enthalt, welcher Lamellenschnitt 
sich von den am Boden angreifenden Elementen 
(10) weg erstreckt und einen ersten Oberflachen- 
bereich (23) und einen zweiten, entgegengesetzt 
gewendeten Oberf lachenbereich (24) aufweist, wo- 
bei jeder Oberflachenbereich (23, 24) eine Vielzahl 
von Vertiefungen (21) oder Erhohungen (20) auf- 
weist, jede Vertiefung (21 ) einen mit einem Massen- 
schwerpunkt (x20) einer Erhohung ausgerichteten 
Massenschwerpunkt (x21) besitzt, jede Erhohung 
(20) sich von dem ersten oder zweiten Oberflachen- 
bereich in Formschluss mit einer Vertiefung (21) er- 
streckt, jede Erhohung (20) oder Vertiefung (21) 
mindestens ein radial inneres Ende uber der Tiefe 
des Lamellenschnitts oder ein unter der radial au- 
Geren Oberflache des am Boden angreifenden Ele- 
ments gelegenes radial auReres Ende aufweist; 
wobei der Reifenlaufstreifen dadurch gekenn- 
zeichnet ist, dass die Erhohungen (20) und Vertie- 
fungen (21) von einer im wesentlichen flachen 
Oberflache (23) in dem mindestens einen der Lauf- 
streifenelemente (10) abstehen. 

2. Reifenlaufstreifen nach Anspruch 1, bei dem die 
Vertiefungen (21) und die Erhohungen (20) im We- 
sentlichen halbkugelfbrmig sind. 

3. Reifenlaufstreifen nach Anspruch 1 , bei dem min- 
destens zwei der Vertiefungen (21) und Erhohun- 
gen (20) langs einer geraden Linie angeordnet sind. 

4. Reifenlaufstreifen nach Anspruch 1, bei dem die 
langs einer geraden Linie angeordneten Vertiefun- 
gen (21) und Erhohungen (20) gleichmaBig beab- 
standetsind. 

5. Reifenlaufstreifen nach Anspruch 1 , bei dem min- 
destens zwei der Vertiefungen (21) und Erhohun- 
gen (20) langs einer geraden Linie angeordnet sind, 
wobei die Linie einen Winkel zwischen 0 und 45 
Grad mit der benachbarten Oberflache des Lauf- 
streifens bildet. 

6. Reifenlaufstreifen nach Anspruch 4, bei dem min- 
destens einige der Vertiefungen (21) und Erhohun- 
gen (20) langs zwei oder mehr parallelen Linien an- 
geordnet sind. 

7. Reifenlaufstreifen nach Anspruch 1, bei dem die 
Vertiefungen (21) und Erhohungen (20) in einem 
Lamellenschnitt relativ zur radialen Hohe des den 
einen Lamellenschnitt enthaltenden Elements alle 
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FIG-3 
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FIG -5 



11 



EP 1 073 562 B1 



62- 



63 



20,21 

pmnpWnnnnnnnTr 




" / M.m.mmmiiiin^ 



lliii>imn"'"Miiii i mn""" 



31 © Q IS 



iil'I'i'l'lHIIIIIIHllllllllll 



64 -r 
v. 



[mnnptnninmniTnn^ 

O © © © © 
© © © © 
© © © 
© © 
© 

■...MMtiiHHitMnnilhMt.iUlHUHiitlUnHltll 






.oiiim ^MiniiMniUt'^liiMHlllllllll 



l||Mllllli||||||||lllM; 



■'"■■mm miifUMHniHIIlll 



|]Hih i hi i .i"i i i i i i iiihihm. i . ' 

O ® O € 

(^|) (fj) 

Q O 0 © Q © Q 
0 o 0 © Q © Q 

"umiIMIUm. nn.miHIIinuHmm 



limillH Ii n^iiiii i iinn i in . 



© 




-J 



nintiiM,M l nnii t tiin , "l ii'illUlMlllll 



65 



•66 



67 



68 



J 



FIG- 6 



12 



EP 1 073 562 B1 



20 21 20 




FIG-7 



20,21 




FIG-8 



j 



13 



EP 1 073 562 B1 




FIG-9B FIG-9D 




14 



INTERNATIONAL SEARCH REPORT 



intf onaJ Appiication No 

PCT/US 98/05816 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 B60C11/12 B6.0C 11/13 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classrfication symbols) 

IPC 6 B60C 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropnate, of the relevant passages 



Relevant to claim No. 



WO 96 01189 A (MICHELIN MICHELIN & CIE 
;LAGNIER ALAIN (FR)) 18 January 1996 
see page 2, line 12 - page 3, line 11; 
claims; figures 

EP 0 515 349 A (SEMPERIT AG) 25 November 
1992 

see abstract; claims; figures 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 453 (M-1662), 24 August 1994 

& JP 06 143941 A (YOKOHAMA RUBBER CO 

LTD: THE), 24. May 1994 

see abstract 

SB 1 241 908 A (UNIR0YAL) 4 August 1971 
cited 1n the application 

-/-- 



1-14 



| X| FurthGr documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

"A" document defining tne general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the International 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
crted to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when (he 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

document member of the same patent family 



Date of the actual completion of the international search 



8 September 1998 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rljswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the International search report 

15/09/1998 



Authorized officer 



Soederberg, J 



Form PCT/ISA/210 (t*oond sheet) (July 1992) 



page 1 of 2 



